Heisei 6-11620 



(19) Japanese Patent Office (JP) 

(12) Patent Laid-Open Publication (A) 

(11) Patent Application Laid-open No.: Heisei 6-11620 

(43) Date of publication: January 21, 1994 

(51) Inf. CI. 5 : G02B 6/16; 6/10 

(21) Appl. No.: Heisei 5-39296 

(22) Filed: Feb. 4, 1993 

(31) Priority Claim No.: 830692 

(32) Priority Date: Feb. 4, 1992 

(33) Foreign Priority Country: U.S.A. 

(71) Applicant: 390037903 

Corning Incorporated, Corning, N.Y., U.S.A. 
{72 ) Inventor: Anthony Joseph Antos, Eimira, N.Y. 14903, U.S.A. 

(72) Inventor: Michel G. Blankenship, Corning, N.Y. 14830, U.S.A. 
(72) Inventor: Douglas W. Hall, Corning, N.Y. 14830, U.S.A. 

(72) Inventor: Edward F. Murphy, Painted Post, N.Y. 14870, U.S.A. 
(72) Inventor: David K. Smith, Painted Post, N.Y. 14870, U.S.A. 
(74) Patent Attorney: Toshihito Yamamoto 

(54) [Title of the Invention] DISPERSION COMPENSATING OPTICAL 
WAVEGUIDE FIBER 

(57) [Abstract] 

[Object] An object of the invention is to provide a transmission system 
employing a light source of a predetermined wavelength in the 1550 
nm wavelength window suitable for a transmission fiber having a zero 
dispersion at approximately 1310 nm. 

[Configuration] Dispersion compensating fibers are adapted for use 
with conventional single-mode transmission fibers optimized for zero 
dispersion operation at a wavelength in the range from 1290 nm to 
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1330 nm to form a transmission link suitable for low dispersion 
operation in the 1520-1565 nm wavelength window. The dispersion 
compensating optical fibers are capable of providing dispersion more 
negative than —20 ps/nm-km and attenuation less than 1 dB/km at 
wavelengths in the 1520-1565 nm region. Some of the dispersion 
compensating fibers also indicates a dispersion versus wavelength 
relationship having a negative slope in the 1520-1565 nm region for 
compensating the dispersion versus wavelength, slope of the 
transmission fiber. The dispersion compensating fiber can be 
combined with a fiber amplifier to form a compensator for conquering 
attenuation introduced into the system by the dispersion compensating 
fiber. In one embodiment , the dispersion compensating fiber is a 
distributed fiber amplifier. 
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(54) [%«4>«fr] ^&ffl«^ffi^7 r ^< 
(57) [jKft] 

[flWtl MMl*77^f/^, 1520-1565nm&g? 
fcibM 1290nm^ h 1330nm£ TGQSEiafi (OjSft|C*JJt 

W»»*Mt3t7 7 -20ps/nm-km <fc 0 t>ttfa\Z 

*#V*»»feJ:m520^15ewnaia«rt<OififiJC:*Jtt6ld 
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nm * -C<0«S Iffl F*i <£>/Tr £ tf> ft & 1 1 *3V * T -20ps/nnrkmJ^ T 

IttXm 2] m^yr^f '<«O5Mft#««ftSdU290nin 
I <T>7 7 4'\ 

I »** 3 ] flIHESf S<o»fi lets it -5 7 4 ' «?> 

# ft Sr fitite^o ass ic # it 5 flfrs 7 r >r -cw 
ftm*fft&m7£<D&&iciovzmm7 7>('<<DWi&vm 

ft, mi*7v K«*<c#itL-C, ffi£A<B*tttt#1& 
fc*#^B»*&* LT^S»#« 1 0>7 7-f 

<o*lfltoJB«r*£W1- * = r . y>^ffi«&ft{»LfcM 
i <r>77<<'% 

rSffl^ttAc^r^^ostr^o, ro=rn, (a) 

grSOH*f*«r*1-*^5fc3T««c, (b) mtZt 7 y 
h'#7X(Dmtftm£ 9ft^JEJr*£*ri-5 = T • ^e- 
K *3j:tf (c) «SrK0fSoJS«f*t«rffi^7y YiSy 

[»*JBl 0] **k\Z&m$)XXt7 V Ytf7*\Z& 

(a) BfSwJBfir**:*^***^^**, (b) ffifi 

*-k (c) sfri£^ojapf^i:ffiife^7 * k#?* 



ft*g$t¥g 77^f '<"Cfc o X % I520nmd> o 1565nm 

*-C«)$SHrtO0?^(OjKftJw*5l^T-2Ops/niir-km J: >!) 'h 
£< ?5^Ol520nm<tl565nmi:^r«1<0nilRSKg«iia 
I ^ \i Z ft »»«Efi ft*tf0 spJSfflfl^O £ -1 . 2ps/nra-k 

hfcJH«r«MMIi 5" y * ic Lfc#ftt$«i 

jtWRB 7 7 << '*Xh i X % £#ft#I520nrari> b 1565nra 
^T•<OffilartcO^f^^Ofig:<c:^oV^T-20ps/nIn-k^lJ: 9 >h 
^ < & *4Xv ^Ol520nnt 1565nmi: O^^^fEKSffilS 
ft Kfc * ft »<0 V«««acf345 

0 ^ Sdcf ^ 2Ddcf(Stf/Dtf) 

7 StfH1290nmi: 1330nm^ OFB r ]c0©ia^<7) 

— K^i^ 7 7 4 ^^O1520nm^: 1565nm^r <D$\<Dm&1& 
Hiw*5tt55>»#Rfift»(O^JS«», af«l520nmt 1 

- KfiiS7 7 ^<O^^T*^b "9 , ^oDdcfli-20— 120p 

3] Dtf^^lSps/nra-km, ^7^*/:llv 
^ t-^5ps/nm-kmT^6 £ 9 1 2 <D 7 

7 4'% 

)tS&B77-r^<-C*>oT, ^ j>tt^ 1 520nm^^ h 1565nm 
t -C(Dffiffl^O^(D&S{C^l/^T-20ps/nm-kmJ: «9 'h 
£ < ?i ^ tl % ^Ol520nm 1 1565nm^r Of^coftif leififi® II 

0 ^ Sdcf ^ 2Ddcf(Stf/Dtf) 

7^^M, Stnil290nm^l330nm^COre c jCOffilffi^6O 

— h'B'j£7 7 4 '«r)\o20nmb 1565nm^r ^MOttfitfi 
HJl*5lt5»tt»Sfift»^«», ftn±1520nmi: 1565n 

im#& 1 5 1 1290nra£ I330nrai: W^CO®[grt^26g 

Kfii£7 7 t>40km^r, «HE«W»-*- 

Kei3|7 7-f^<c0S$O^2»Ol^T(0g$Tto-C 
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>t{si*-y yn-ifoor, -coy >?<oft$*^* h/u*s 
^lTr^teS^^oa^r300ps/nm^"F•Cfe6<t ^ lCft£ft 

£ £ icfc 3 *£:g J: 9 /J> £ t 6 v M*t *UC» L < ft 

5 y 

1 8 ] 1290nm£ 1330nm£: cT^c^gfflftcOigg: 
^^o I565nmi T^^iart <7)0T^Scg(C*DV >T-20ps/nm 

-km J: < , ffirffigfSoRSIc*5tt^Wa7 7-<'< 
ldB/knJ: < . ^oWHE»»HiB«7 7^ 

Uti#m I 9 ] 1290nm£ I330nm£ <0|n«)4EiBA<0ttft 

#fc*t-4»«ffl««W«K7 7-f ^W0f«*fc<O|l« 
m£-t££&0m LX*5 0 % 1520nm^6l656nm*-C(O«tSjfi 

MEfUVt— KC»7 7 ^ '<tog £ eoft 2 #tf> l J; >9 * 

[l»*Jg 2 0 ] 1290nm£ 1330nm£ cOfflcOflfilfflrtCDttS 

KeiS7 7-r/«oJBico«*fc % ft<oiS8tK»»££-f 

» ^ 7 -f /<OBrfift £ ©(W«&*tAit5»*«:« 

5 J: 9 «cant*ttfcJa«r*»**# L^offiE^ i 
S co n 2 »co i J: 9 /h $ v 2 <o g $ £ a 

l565nm*TC0ttft«Hrt<orrS<O«R^*5»*^WBei3l 

»Bk»ffcofc«>lc*afkSii^oiltE«i«>ft*t«i: 



g^$r^ff 5»l&'>7 h^-^e-K- 

e& y co^[^ 2 K^a* is&pi-*) i/^tt-is 

ISJ#Jg2 I ] 1290nntl330nmi:WR!lcOffi|fflrt50jKft 
oT, I520nm7)> fe I565nm£ *CO«5fflrt cO^f £0>ftft(Cft 

VNTftco^fe^|&$:Wi-^^»^«7 7^/< < bii:^J(cS 

tt*ftfc*:77^'<*«»fcft<»LT*5*K Z(D±y 7 

2 2 ] «!Efto^fe»»^BUE7 7 /<coa 
*f ¥$M&fc£H1- 5 tot* 9 , 

[1SM2 3] ME»«««7 7W^<«OftS*Sft30km 

[ffi«« 2 4 ] filiEft:? r >r /<jg4H»s*M«R7 7 >f 

^^<«C««**L-C^5»*«2 1 CO#fR*fi«8g c 
[fl*JS2 5 ] 1520nm^e>1565nmt "C(O«Hrt0>gr3E 

KWJw«ttS*ifc*7 7^^***«:*llllU, MESai 

7 7>r^*1290nm^&1330nm*tfOttHrtOj(i*iC*Jrt 

77^/<»**©W*»»K*r*-fSJ:3*-B»S*ifcJH 
SrV^tr^T L, r co 7 7 >f /<o4kj>»ds i520nB*» 6 16 

56nm^TCOjafflrtcO^SWi6Slw*5V^-C-20ps/nm-kmJ: 
"9 /h S < ft ^ -t 9 1 ^ Tt^iH > ^ 7 a c 

[ll*«2 6] (HE««*(»EfiiS7 7-f^<* WE^ 

Bc-hfiffi^ 7 >r /<*s j:t^sftE7 7 >r y<m^(om¥m^ 

E % > ^ X A It L290nm 1 1330nm t OH<Ottft 5 IB 

^tiTfe'O, ^!E<*fei§§nm2cowDM^7 ! 7^aJcJ: 

*2<D*^7*atcJ:oxmEi£^J«l^ic«ttSixfc 
JB2<o*Jd»**«L-C*5 0, c«>«2cD**p»«:rWE 
» 2 *>**U£ J: o r«4 **tfc«*«rft«i-6 J: o tcft 

[«^o»ttftSftW] 
[000 1 ] 
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[0002] 

fig!* l 9 7 O^ft^ltOdB/knffcofcW^B-Cliaa 

35db/km"C*> 9 , S&l550MT?tt:ttlO. 2dB/kmTfc6 0 
[0 0 0 3] Sfcfc, 4Br±SK-/<^hSrffiv^3t7 7 

^Ti>^lffl-Ct<5J:')i:io-CV^ 0 flitf, Arraita 
ge, "Three-level fiber laser amplifier: a theoretic 
al model*, APPLIED OPTICS, Vol. 27, No. 23, Dec. 

I, i988,feJ:t5*rr5lfflSixTv^aXitt«:#Ba$ixfc 

fTO^^s »£-CO^ffi7T-<^<t9<iS^1520 - 156 

[0 0 0 4] &<Dm%t£l)>?&:Mmi±. 

!:SSlt4f ^>4feM (total chromatic dispersi 
on) XfoZ> : , Jf7*-7 7'(;<>$&&$ 3 'C<D%.cnmm* : t 

[000 5] aUPtt*^^y7 ■ <4 >T y'SX%L-*r- 

^^MSr^U 1550 nmf^*5v^T^15 ps/nm-kmCOflg^ii 
"^5 3 Agrawal, Nonlinear Fiber Optics, Academic Pr 
ess, Inc., Sandiego, CA. , 1989, p. 11. C<D<fc?& 
Vt&cOyrJ^X^ #|fo&S|5l£#£ifeSl310 nmfl-iS 

II, 1310 nm-CC0»|^60fc*lCga{b*nXv>6) <ts 
[0 0 0 61 ftU7 % Ce(2-Si02^v^-Cft^^ixfc^^ 

izmmirZe ein^i3ionm-cfT^t>n-5©^^«, 

(DT.'f y-f • >< >x i/^^lil550nm(Cio^^^S/hffi 
<0» I. 75«C0«« «»*f L t/7'- 

[0 0 0 7] 77^^h-^/l-^7t-vy7 



(total performance) te#f&£«g£ <Offijj<nf&&X 
&5^*b, l550nra{C^o»t6^t&^®/J>ISiw-BJ^T, -tCO 

i^>7H-*«*<o r»fti/7hj 7 r Cdis 

persion-shi f ted" fiber designs) #B3£$;fxTt 
Rlx.fl Cohen, Lin andFrench, ELECTRONICS LETTERS, 
Vol. 15. No. 12, June 7, 1979 pp. 334-335 ;Bhagava 
tulaoO^@^m4 7 1 5 6 7 9 ^ : Saifi et ai. , "T 
riangular-profile single-mode fiber", OPTICS LETTE 
RS. Vol. 7, No. 1, January 1982, pp. 43-45; Ohashi 
et al. <0#H»«fR4 7 5 5 0 2 2 : Bhagavatula, " 
Dispersion-shifted and dispersion-flattened single 
-mode designs", Technical Digest, Conference on Op 
tical Fiber Communication, paper WF1, Feb. 26, 198 
6; 3o <fc tFTanaka etal. , "Low-Loss Dispersion Shifte 
d Fiber with Dual ShapeRefractive Index Profile", 
National Conference Record 1987, Semiconductor Dev 
ices and Materials, I.E. I.C. E. (1987), p. 2-217£ 

ttftft*4:£tti LXttlz (Sv^g(0*^i) i/y 

[0 0 0 8] £b\Z s 1300nm£ lo50nmCDffijj(D{Ki£ffii$L 

("dispersion flattened' fibers) /&»RH-£*l"CV* 
5„ 0»itf±a$ LfcBhagavatula(0*a^llF^<tU!±!e 
^Cm^Okamoto et al. , "Dispersion Minimization in sin 
gle-mode fibers over a wide spectral range", ELECT 
RONICS LETTERS, Vol. 15, No. 22, Oct. 25, 1979, p 
p. 729-731; Okamoto et alC0*H^®4 5 2 5 0 2 
7 ^ ; Cohen et al. C7)i£SmT^ 2 1 1 6 7 4 4 ^ ; Co 
hen et al. , "Low-loss Quadruple-clad single-mode 1 
ightguides with dispersion below 2 ps/km-nm over t 
he 1.28/im - 1. 65 n mwave length range", ELECTRONICS 

LETTER, Vol. 18, No. 24, Nov. 25, 1982, pp. 1023- 
1024; Cohenet al. , "Ultrabroadband single-mode fib 
ers", Technical Digest, Conference on Optical Fibe 
r Communication, paper MF4, Feb. 28, 1983; Cohen e 
t al. , "A systematic approach to fabricating singl 
e-mode 1 ightguides", Proc. SPIE, Vol. 425 (1983), p 
p. 28-32; Sears et al. , "Measurements of the axial 

uniformity of dispersion spectra in single/-mode 
fibers", Proc. SPIE, Vol. 425(1983), pp. 56-62; Ung 
er<D3fcH4£lr^4 6 9 1 9 9 1 ^; Francois, "Propagat 
ion Mechanisms in Quadruple-clad fibers: mode coup 
ling, dispersion and pure bend losses", ELECTRONIC 
S LETTERS, Vol. 19, No. 21, Oct. 13, 1983, pp. 885 
-886; *><fctfShigeraatsu et al. 3-n y'V&M&Wk 
SfgO 2 8 3 7 4 8^&&mZtlft\,\ 
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[0 0 0 9] &lfr(OXt&t>K fifty? j Y7 7 4'^\% 

S 3 «X.tt\ Okamoto et al. </>*H#^3S 4 3 7 2 6 4 
7^J:LFLazay et al. (O^llflf 4 4 3 9 0 0 7 

[0 0 1 OJ $)^i(0^K77 5/ h7 7^/<&tH*l300 

f&£r£"t*<5:: Bhagavatula et al. , "Segmented-core Si 
ngle-mode Fibers with Low Loss and Low Dispersio 
n", ELECTRONICS LETTERS, Vol. 19, No. 9, April 25, 
1983, pp. 317-318(^11 3 lC(tl300nmiw*5J-j''5^5ps/k 
m-nmd> h 1550nnlc:3o It -5 ifo-2ps/km-ntn£ -Q&Vct Z> 

tteZ<D-e. 1 550nra(C:fc 5 tf> l-tt^ffl "C 

8 5 2 9 6 8^9fl%2 5 - 3 0 ft @ (wffi« $ *XT 

[0 0 1 1 ] Cohen et al. , "Tailoring the shpaes of 
dispersion spectra to control bandwithds in singl 
e-mode fiber", OPTICS LETTERS, Vol. 7, No. 4, Apri 
1 1982, pp. 183-I85tt=» yt'a-^ ^ * =l U-vh 
S S<T> Itfrffr* Vyy Kj 77^^ ("double-clad" fi 

bers) Mfc(::Bai-at>co-CfcS = as 

8 5 Mcom 6 (1, r fifcft*a£##**#ft*££ J: 9 
t>S^iKfi{-»»J*ix5 5i:#^?>ix$j 
ffc 1 ocOv/ * a \y- h Ztlft 7 7 << ' *lk L Bt^^^TV * 

$ftfc»*H±, 1450nffl&S^^*5^^^' 
iC^afdftcOffi^t , r O«*^*5Jt6-40psAm-nmJ: 
•O/h^^^fe^lft^^Lr^^c Cohen et al. W*H» 
«F?B4 4 3 5 0 4 0*l±JB6fl!B4 5-5 4ftglC®6 

[0 0 12] r<OXittlil550ninffltt^HLr^9V^} ^ 

-7"Cjgft*H^»t-C*)*Xtf, 1550nmiC*>rt--5fi[li4 

1310J: 9 /hSi^««l^*5i+5irS5!fc*r*i"5 r £ KMi" 
3t>0OT*fc3rt^ rcOXiBtHttl550nnifflttc^BaLTIi 

[0013] ±|fiCohen et al. tfTTialoring "t l> 

«Q2 ps/no?-km) 1310nmi;i:kMt 6{si£l£*t LTl 

&<0$fcf4 (^tUS^O. 06 ps/m?-km) 
V^^5:tt*)5, C C089:8+<D7 7 "f '<lil550nmCQ)t 



SrE2IL4H^#x.bti^, r <n X 0 tzv 7 idB/ 

h -) ; 1 ^ --x >■- h s ftf-y 7 * 

1550nm^-T>K^ (*<J1520nm - 1565nm) (C&ttSftfS 

r (O 7 7 << ' <lil 550nm® J& ' to 5 ft; £ t V 
59: roJ:5**«tw**<ft*|fij»c«[» 

✓<{w5kfr"i"5' < >' K • ^ yis&Bc (bend-edge wavelengt 
h) ^i520nmJ:9**S^(Sv^*>5 5^bT*)So ^> 

[0014] ^2ic, eaittfi«)t>i'^4asfc-ct>^» 

{SoTfc*<m310nin£i2ty ^idfctffclE 
(0»«4:}TJBr<0lw^B*»**ll«7 7 << '«0& $ 

o r#x.n»5j * u-hSftfc^T'T 

• * 7 *y K3tW»K«>»aE»lc:tt/}<Dfc5»tttt 
^-5 (Si 8 51, * IB, «1S) 3 

[0015] y >?{z&<7Z±&#mztrffii-tiito(oft 

T^6 0 Kogelnick et al. CD*[l$#s¥^4 2 6-1 6 3 9 

^-^^.-^e- K • 7 7 -r /^eSv-^^Aiciott^/^w^ 

^y^^X.*)^, (^/tLin, Kogelnick and Cphen, "Op 
tical-pulse equalization of low-dispersion transmi 
ssion in single-mode fibers in the 1.3-1.7/im spec 
tral region", OPTICS LETTERS, Vol. 5, No. 11, Nove. 
1980, pp. 476-478$: t> #!S V\= ) KogelnickOO 
V'^TAtlt ^7 7^^^WW^7^f • 
77-<^jEfiO»tt^J:oTfr»ISix^ s 2*^77^ 

[0 0 16] ±8B*a»« : IB*4 2 6 1 6 3 9 ^iCfe© 
Snrt>5« (S4«»2 6-5 6??B) "CIL 1560nm 
Tg/hftj&SrWI-^ lOOKmei^ 7 7 >T U"C I550nm 

^ joV ^r5nmCD h ^>lf ^^feiH LT (- 

0. 8ps/nm-km) (100km) (5nm) =-400psec CTVn 
5c 1350nm^— ^E-- K • 7 7 4 =>7^f • 77^ 

^^Ltfi^nXfc^ % ^Ol550nmll^lt5-enw 
^{i^l6ps/nm-kmX*fc5^c>, 5kmCOg: $ <D4 =1 7 -< 
if - 7 7-f^ < ^400pseccO^®:$r^C, ^tiWo 

[0 0 17] ±|ELin, Kogelnick and CohenCO^C^ (^ 

4 7 7i) *ricatt*n-c«iii5L0nm-e*»» 

^^■•T 5 lkm7 7 ^ ^ . 1320nm-C^^^^rW"r 50. 76k 

/«OS^(O^ffi:ftiS^^^^l420nniTSl^*tl6o 
[0 0 18] ±E*S^m^4 2 6 1 6 3 9^«>X 
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Kft i %Kft ft t £ v >S^i:it 

if • 7 7 ^^ttfflt5rt^"C*5 a L**U ±ELi 

n, Kogelnick and 0>hen#;£iftlC£^£ftTv*5 J: 9 

<*>*=« 7* if • 7 7^/WSt*n, 'J >"*fttf«* 
-C3?]|£i*ix5J; JlCfc** ffiot, Kogelnick(7)%^* 
»«c«W*BMW- * «*M4IHHI*:»»i-* r <b tt"C* 
ftv\ l3l0nmlC*5l^T*»»«:*1-6eiS7 

[0 0 19] H&JM&tfi-&ntttti'*^AtfLarner 
and Bhagavatuia, 'Dispersion Reduction in Single- 
mode-fiber links', ELECTRONICS LETTERS, Vol. 21, N 
o. 24, Nov. 21, 1985, pp. H7l-72tCEft**VO* 
So rcDi^-r A-m, l3l0nm-C*»»*:*1-6lknii3 
J:tf2.5kn<7>«flS<Z)liL— e-K • 77>f^^\ I550nm-C 

h • 7 7*'«06Okn.y X^df* 
UllSix, *C0«J V^«>*»tt<0i6ft4rl54lninO3t»Stft 

[0 0 2 0] KBttVMU 9 6 9 7 1 Of-li* P>^fib<0 
(c*5»t6»««rffi«-*-6fc*^7 s/fbfetf^**:^-;* 

00nmT'fc* o * r iaa***lfcfi«<0«"Ctt, fiiiKfi 

I320nm(£*5l, >T*5MR SSid*:^-* fc Lfcjft? 
7 * '<lkm#* 2000nmiC5BV t-Ctt&tt&fpr 5 7 y ft* 
tf^**^-*^ Lfz^7-r/<0. 54kmJ:*S^3ftTv^ 
(Sf*6«B2 4-2 6ffB«J:ifffi7||4 8-5 9*tB£ 

fe % *t5««77>r^»ftlt »15 ps-km-nmtfti), 
Sot7 y fb*#7 ^77^ /<0**ltttt-33 ps/km-nm 

MoTl^^C, JbE*H»W»4 9 6 9 7 1 0^ 

rawal, Nonlinear Fiber Optics. Academic Press, In 
c. . SanDiego, CA. , 1989, p. 10|C^ £ tit t >3 «fc 9 

[00 2 1 ] r ±E*H4SIf 4 2 6 1 6 

3 9Wa7^f • 77*' < «fc 9 t>fiv^ft*C07yfb 

fe^7^77^^(£ffl-C#5J:9i:t^^ ±m*m 

»»JB4 9 6 9 7 1 0*TE#$ftT^6:7yflrtfe#7 

So 



[0 0 2 2] 3-n^<»MS0 08 9 6 
5 5 ^1^1600nm{C^v^T^M»^fftX2l*^*5 7 y 
fbft#7* (62llfR - 33BaP2 - 5UF3) T-ffrSStlfc. 
7 7 ^^M«{)^5 (B3#9R) o 

erfflv*/i#f&v'7 h • 7 7^^<^X*li-lO ps/km-nm(/) 

[0 0 2 3] <0»»««!£«A5a*a«T|ft» 
$n-CV>So *S#l1 : m4 7 5 0 8 0 2^^tftffi«CD 

-C&So KBttftSU 7 6 8 8 5 3*te»tt«»»i L 

x^(C^-t5t>cO-C^So *B»«F»4 9 1 3 5 2 0f 

S4 9 7 9 2 3 4*»±fift*W*l^-!f-W«««rfflV^ 
[0 0 2 4] 

^COm 1 a>H^^ifil3lOnmlw*5V^■C*»BSC^:*■^-Seii 
7 7*' < 4riffiD"Cgi2H~3 tCOtfcot, 1550nmCO^^r 

R8ti3£U^jrc*>5o ^e»tt£;ft-tv^77-<'<e 
21 'J <*> 5 %COfiE{PJ«I^Sc^i310nra-C*^»$:W-r 
*3fc77>f'<££B££ LTv^a*?>, reoBJBttSlJBtt 
(cm^-C*?Sc BEflF«0««Sft«j*:^.— K<Z>1310nm*Cft 

iafb$tLfc*7 7-f ^ ' /wh^^osv^acry^ 

^U-K (upgrading) i*5 ~ £ fin > ;JMwU (long- 
haul) a«igfft#iwt oT*f;icBa^co«v^na«ST-*) 

[0 0 2 5] ^igco^xy^- ^y-r^^T.^ 

— K ■ 7r^^^^riii:re^Sl550nm'>^xA0O 

77^f ^^^15ps/km-nm(7)IEoO^^ \s*</\,ft 
4 0ft>^ (*>SVMi-en^±<^) 50-500MHz AM 

l^-^i f JRS"4"'5 3 Vodhanel et al. , 'Performance of Direc 
tly Modulated DFB Lasers in 10-Cb/s ASK, FSK, and 
DPSK Lightwave Systems', JOURNAL OF LIGHTWAVE TECH 
NOLOGY, Vol. 8, No. 9, September 1990, pp. 1379-138 
511, I550nm DFBU-»f-C0K^S^Sa4o ZXlffi&tfo 
*P$:ffll^lO-Gb/seai3lillrfcV>r, ^2pcOl300nmit 
Mit7 7 -< ' < %&CX<D&&\*. frSTt^v>tr^ h • 
=zy- • u-h^T5*x.id, 3km<D^£ic{OTS£;ft 

[0 0 2 6] Sff^l-fi, gtffCO13l0nm&iimy 
Sr^lt) , g!£#co77>r/<^|frLV^E$rig: / >Pfi<-«J 
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9 a I550nm&g*^ VK* (£n520nm-l565nm) X\t. 
x/Uf^A^K-7l^7 7 'f/<M (OFAs) t>m 

[00 2 7] Gnauck et al. , 'Optical Equalization o 
f Fiber Chromatic Dispersion ina 5-Gb/s Transmisio 
n System', IEEE PHOTONICS TECHNOLOGY LETTERS, Vol. 

2, No. 8, August I990, pp. 585-587, \t&ft}&7 7 7 

(SS2«1-5?tB) 0 

[0 0 2 8] Gysel, "CATV AM Optical Transmission L 
inks Using the 1550 nm Window*, Proc. Manual, Fiber 

Optics 1991, Society of Cable Television Engineer 
s, January 1991, pp. l6l-166|±l310nm(C4SV>T^^S 
K- 7 7H-'<t><m550nm{si£U:£o-C 

[00 2 9] »»»«fil[«lc*5it«J:3fi©HHift*%a 

WIR**/MBT*>5 t-/i/7 r -< U 

ifctt**-* (CSO) 5 £4 L# 

[0030] *«wcoft!i6oa«ji4, «g#f«fl$ft*r 

oT1550nm-e®)f£U lMOtmVJEiDftfk&ti'tZ&m 9 
kt£&i$iv#Z>=- K-^Lfc*7 7 << /< 
JAWS*:*^ A*«0W-* ZkXfoZ* 
[00 3 1] 43B9]?>ftb0>5tf)|J\ I520nmd>fel565nm£ 

SiQ2-Ge02^7^7r-f^«:tl«-r6Ci:-C*)a o *« 
W<0<&OBWtt, l3iOnmJc*sitsej3l«c:#U"C*iB(b* 

m»gCO#m^ 7 * ^«Okm^ 0 (D&m<D 5 fg<fc 9 < 4 

(87 7 ^^Sfl<ft^:tTfe5o 

[00 3 2] **W<0(fe(OBWli % 1550nraKgJSiatC^ 



Trt r«3f4ffl«J 'slope compensation") t LXaGidi^ 

hn«fc»+5j:0**4JE8flteff8-t"S 5 * 
jgWWiooJIltWTH, »**»coffl«4iio*^-i.2p 

s/nnr^-km £ "C tO«Effl "C * * s 
[0 0 3 3] 

&*g7 7 U ^7 7*' < GO£#f&#l520nra 

^^1565nm^"COjSiart<O^fSC0&S-C-20ps/nm-km<t 

9*S^J:5fc4S*vt^a. 

[003 4] nttf>3£S&0y-m* #389Jttl290niiii 1330nra 
fc'>4< irt>40km(O«!p*-^-KeiS7 7W^t, r 

cog^-^- Kfii2t7 7*><o«£«>fir#cD-,fc «9 
/h S v 2 fe t> otfito»SB»16S:«tt5 J: 5 (CM 

S*'** h^«C0nma 9cO^»dSl520nm^<bl565nmi 
•Ccr>ftS®iartO^cOffitS(Cfe^r300ps/nmJ:<9/h^ 

<46J:5fc43*vCir**. 

[0 0 3 5] Se>{rftb(03StSWt?»i, *3BWttl290nmi: 
1330nm^COPfl(O®|lrtcOifiSiC^v>TiS«S»jff^i-5 

J:9(caififb*ixfc«2p»-^-Kei3l77^^(c:Kffl 
+fifc*»5HMM»t:A«U roM«Blll520nm^ 
bl565nB*"C©«Hrtoaf«a>ft«-e*<0^6»K*r* 

■T 7 7 -<f '< fc it»i:*K5hfc*7 7 * 

[0 0 3 6] fiil<O^Jg^jr-|±, #«9J»*i520nmd>?>4565 

fc fc cor«1 (cflUft S hfc * 7 7 * /<«MB» J: 
9 4 9. *J!&#e2l 7 7 -f '<fil290nm£ 1330mn©IB<OSi 

>T^<£O^|&^l520nm^^l565nmiX*CO©ll^(OB F r^6O 
»S(C*5v^X-20ps/nm-km<J; 9 /J*S < 45 J: 5 tC^^tt 

[0 0 3 7] 

[ntfiM] **wcoea6^^7-AttH 1 ic* stir 

^ScOv^X^Ag^l^fflVN-tv^^o I290nm-I330nm0© 
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fa) 3i;^Jh5 0 r^)^-}/i:te4i^^-c*> 

5, *d£f!f£4 9 5 9 8 3 7^ x ^5005 

17 5t> *3j:t)^5 0 6 7 7 8 9 *§-£#!&£ft/^> 3 

l±Gi£ V V t d&tt £ O F A 3 (Dffim d£g £ ft 0 S s 

^<0{I^5ft^lg5^i§^n^fl9^OFA3^ib 
^'FlBftitMBSixfce^iaai (ASE) ^Sfitifc* 

[0 0 3 8] *38W(O(|fefi036J6fflTli % ^Sc^Bfg^r^ 

swtttefciKfcSfcafcr/u $ ^*»ap lx ttzttWM 

'<«MSB-C, OFA3 < t»»Ifi7 7 ^^4^E»L5 

S :7 7"f '*{C§8"*~3* Tanaka et al. , "Attenuation Fr 
ee, Dispersion Shifted Fiber Doped with Distribute 
d Erbium", Techinical Digest on Optical Amplifiers 

and Their Applications, 1990, Optical Society of 
America, Vol.13, pp. 138-141 1 *ttt Sllfct V 

[0 0 3 9] «^S»»««-r-r^4Jwte^$ix5 

J:or*i|9JLir< 55, *«fl(D»IS)«77^ 
'< 4 tufc/</^^Sr«fft Lri»off ^ris&fcig 5 ic 

&<onmtf)X\ «ffi«ffi:MS^a«r^x.^ 3 OFA3# 

[0 0 4 0] moCO^^x^^^ilSlOnm^r-r^iC 

[0 0 4 I] II!2fj:1310nni^oj:'Jl550nm{tf-CO^t*y }> 

LtV>5 3 WDM*77 1 9/-iiI310nm^;j^ 1 1 :Jo<fctM5 
50nm3fcSl I a J$>6O{f^£l310nm£i£y 1 2\Z& 
5 3 1310nnH5i£y 1 2 .OUI^<M(-i5tt 5 WDM 
1 6 2 OCOfg-^^-enibCO&^ICS^^ 

H»tt»4 9 3 8 5 5 6t, $4 9 4 1 7 2 6^ 
^4 9 5 5 0 2 5tSrHihfcV^ s l3l0nm{f^f*U 
t € -* 1 7|:<totMJ^ ^-O1550nmff^JlOFA 



1 4(Cj:oT«i®^tt5 0 ^*iXfcl3l0nmfS^ctr/ 
tS*a^tV^(&*B«^iX^ln50nram^i, ft!lcO£i£ y 

[004 2] 03 tt**W<DteeO&»Mfc^ LTfc 0 % 
w<7)HjfiW-Cli, 1550ninjftK2 U5»ftlfi7 7'f^2 

4icA&£ft5#, :maooFA2 5(ao« 

£ft5^#1550nnrff ^£Mt££-££gD-T\ 1310nm£i£ 
7 7 ^^2 2<Z>»ttOfiS8B»+^e»Lfc«-C, £fe 
»R#£KWlCffiHS4x*. 1310nnieg7 7>r^2 2^ 
bO#ft^fB£ft£{f^f20FA2 3(Cj:oTtg*I£ 

S§2 7i:<tot»^ 0 

[0 0 4 3] H4tt*««rftVM310nmgiSy V^Sriii: 
T09l550nm{f ^COfgfcV h • U- h£ffi£lf S^ffitf) 
$te#l£^LTU>5 0 5t^2 8fi|t^TOFA3 Old* 
o "CJJMB $ ft 5 1550nnrfl ^ £ jfefr S * ^ 3 <fc 5 lC#ft*fi 
®77>f^2 9|c4Alt, I3i0nmfci||77'f'<3 1 O 

l-<0**lttSftSJ:5*-ft*ft5a 9 SSv^(S«-liOFA 

3 2iaoT^^tl, (BPF) 3 31: 

<fcoTfcg&£ft, * UTttftlS3 5lca»-T6WlC»» 

WttSrJE^K^fcTs' h • w hT*i3i0nmeiSy >^(CJ: 

[0 04 4] »*«|«77^-'<«C»i-SftSIHI«*8fe 

0 1 Ic^^ft^^^Aicgl-r^Ta^ffllc^o 

T7j^^ft5, 1550nmtC^V^r^l5ps/km-nmOO^g:^^ 

Onm^ 0 7 7 '<#ftfcfi750ps/nm-C£> S 0 

I^CO 1 OW^*S«-Cli, ^(R*fi«7 7-f ^<4*i-30ps/nm 
-km(D^R$r^ LXlo V % 50km^ei5| ]) {^Jt % IE 
<o»««:^^««-r 3 fr^iril, 25kmcog S «r«B fc 

g: (*^WtClil520nm-1565nraC7)^[a) |:o^>^7^ 

Bt*1i«e^v<^xAXMi, »»«77-f'<«)««l4 
13l0nmfiii|y • ^7^''<COS^C0^2^C0 1 £ 9 *; 
^<^^C^^*t^U<, ^>0^^^^ h/M>g60l550 

tt300ps/nmi0/h*V^ o 1550nm&*g: <? 4^ % 
1310nm{EiHy • 7 7-C^<^»S5:li^±5ps/nm-kmT- 
«>5^P>, 5>**S«7 7>T/«O^fK*^l3l0niiifii||y > 
? • 7 7>f^<C0S^ 2^(7) 1 Jl^^&V^iC^ £ 
fe^C CiSaftlC*5l+«»|R1lfiflt7 7 ^ '<0#f&|*-2 
Ops/nm-kmi/tli-eft<fc 9 ft*lRKC*§t^«[-efc* * t 
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10 0 4 5] ««8Hi-*- K(Ei$7 7-f^<2(0«Sli. 

-Cib^c 'AmWmy 7 >T '< 4 <AiJ$S/W). 5dB/kmC0*-/ 
-"CfciXtf, »»*B«7 7>f ^4*?->^7 l A{Cl2.5dBW 
®g£<«PTS/^ *ft**OFA3lCj;oTJ?]:giCifc£ 

^9 5 c »ttSfi«y v^coitsiisidB/kn-efc^rt 

[0 04 6] »<K«fK77^^«)AttfHkltl»«907 
W/<Oaa«»»i-60ps/no-kin"C*5*5"C*>5 5 (It : 

1004 7] ittE77-f^<3t»»*MI^^^A4:li(8^ 
*»-Ct 5 £ 5 ^-rZTctbl'\Z. ft«»»j&S-40pn/nnrk 

&1\ L < li-120ps/mD-km J: «9 ft£ft£*:« < ft 

fttffte>fti\, :*i6««itt, §t#^>iiff^v^°- 

Mffit 7 7 '<£3l/fltfj&g S leflH* LTIr 

tt, »*tt«77-f^<«)«S5^J:o-Cf1-*a*n5ft*:« 
«H<30dB-C*"9, fi2|7 7-f^*3^5a5fe*:ra«f{^ 

[0 04 8] ^*^aj£JBK:*^"C, Js.fcimi-ifrfrS 

tf> ic £0 * 7 7 -Y ' <*f «88 * v v-v £ 
(CttftSOkafCfc*, 

[004 9] lE*4««4««^^«)<OB«flHTE^ 

(i) fc*o-C«-»**i*. 
Sdcf/Ddcf = Stf/Dtf (1) 
fcJKU Sdcf!ieiJ|&gO±25nm(Offiiai-t>y t c5^Sfi:^ 

jfigO±25nm60«EHlCt>^5Cil|77>f^»»»Scg 
ft*<0««"C*)9, Bdcfli»lMi«7 7^'<«!)ei8»« 

Dtn*eai7 7-f^cofiiSttiHw 
*H*a$Mre*>*. i3ionB-c»fflib*ixfc«wo»-* 
-K'7r^i:*5v^ i550nmcoe&&j|-ei±, Stf 

= 0. 06ps/nn?-km-C$> 9 > ^ODtf = lSps/nm-kraffc 
5, DdcTOfS =-60 fflcf<Dfitli-0.24tf)3*- 

-^-rftttftlift5>fti\, s dcfottHii, fK»*rig*J 

v?{dJ;oT^O~1.2ps/ni?-kmlwBapgoSix6o 



tz?y y K«W*-*- K • 7 7-f'<-C!iDtftttti5ps/ 
nn>-knfC£> £ ^ , 1 (OflEllRft 6 7 7 ^ '<fi8t*3 £ VI 55 
OnmStfttf-f V (I520nm— 1565nn) (>S<0j&ft 5<ci§ 

Kftfc*rL-cSfti-* a ?^**5<fctf = T*»*)«fc 9 ft 
BRSfim— K - 7 7 4 '<<omt'*5 *-**5J:tfi550 

X, -tflNSSOnmaSft^-f V K?rt"Cll!lf = 15 ± 5 ps 
/nm-km"C #> S 3 

[0050] mmmtit<otztb\cMm z tin 1 <xo# * t 

(Hftsdcfasit (l) irJ:oX^-x6ix^(fi^^p-2(& 

0 ^Sdcf^2Ddcf (Stf/Dtf) (2) 
[00 5 1 ] *&fRnT4i?**'1ZtZ\±AM-t: j f*& 

[0 0 5 2] 7 7^^W 

[0 0 5 3] H5-8 AI±**WO»«««7 7>r/<«C 
Hi! L#£ 5 o«»«<03t 7 7 ^^<fflffr*»*«M*r* 

[0 0 5 4] 7 *K5 liOiB«f*fcJtiR 

it« L T Jt«W* ! - ^*«««r*-r 5 *3fe =» T «« 5 0 *: 

J:0/J^8»r*7Wttt537' y^5 2 (*3 
W10 2) «rSA/-0^5. H!7 % 8«J:r/8A(C*Slt 
5»*a*Jl±Da«tJB«r*»* W?y K5 icoJB«r*«fc 

*«37' H:«iS7 yjleoj: 5 ft so K-^> h 

^o«^.tfCoCe-C K-t'y^f^rt ;a^/7yF 
5 1 (joJ:t^lOl) co@rr^^r^i^5 l^aoTij- 

$nrv^^5 3 ^ i wtjMR 5 i • -ci±4 < 5 0 co 
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05 
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Xft7' 
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1.08 


1.42 


1.50 


1.56 


1.60 
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1.36 


2.18 


1.19 
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0.0 


-0.50 


-0.44 


-0.40 


-0.20 


-0.22 
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4.30 


3.76 


4.87 


3.7 
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0.23 




0.20 


0.32 


0.16 


0.14 
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-50 


-49 


-30 
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-55 


-101 


-70 
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*g*4 it 
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1.2 
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<1000 
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850 
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1400 
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7.6 
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4.4 


5.2 
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5.0 
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1700 


1805 


1800 


1800 
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[0 0 5 5] zHb<Dftftmmc#+z#m%im&mz 
&-tz>£o^ffl®i£timz>; mm corns t & 

[0 0 5 6] i-*-Kjt7 7^^y h^^ifigfi 
tf y F^-7KftJ:9ftl50niii^lti«V^^iSV x H6, 8 

& J: 8 a ioi* £ tix ^ ^ <t 9 Miiifvi'* <a =i r m 

[0057] »»«i«t«^*Bfgt^(fflic4>sa^#iS 

■f 5 1 525nm*3 J: 1*1575™!^ tt 5 #»0>ttl*tKi£:7 7 ^ 

<ew\ -r^^^i3ionm-c<^eaiic»LXSiafk;$^S 



^lci±fii.2-C4tf*ttf4?>4v^ (JiE<05S (l) £«> 
[0 0 5 8] a5-8lCfctt6»*Ji»Jtt, t*=7fi 

£ e fc£U nlli7r-<^<*ft»Ji«)Ji«r** A=(ri 2 - 
n2 2 )/2nl 2 , n2l**7 5/ KcOffl«T*. rl*3M£, * UXa 

[»i] 

n(r) = ni [ 1 - A (r/a)°* ] 

[0 0 5 9] BB8 Afc***Lfc»*ai»Jtt. Wtttl 0 3 

£ftfil>) , Ge02-Si02^r-Vi:(wGe0 2-Si02^-h (if 

/u*r«l«?"rsr £ttKJBT*>*« 08 A0>KM"OK, * 
7 5> KllGeQetr Y'-f L^SiO 2T *>6 r t L < % 
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[0060] & 1 ^f^y>»tfi(Z)^U*3tt^2«l1-5t$ 



[006 1] *S81-**»(BO»»»«*7 7-f/<fcJ: 
[£2] 



"7 - I l\ 

✓ T 1 * * I .U. 




7fl73-fi9 


7ft3.Q-.ni 1-01 G 


7-sn m~Ai 






-J — 




A7"7 7 




1.4 


1.4 
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2.0 


/in 


1.5 
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(bass) 
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L.5 










f> n 

w . U - 
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0.4 


-^S. am 








7.9 


^ps/Io-nn) 


-50.7 
(1535) 


-30.4 
(1535) 


-45 
(1550) 


-65.5 
(1550) 


it 


0.8 
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0.8 


1.0 ; 


A*M7. na 


930 


980 


<800 


1521 


as 


5.93 


4.88 
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0. D.. 


80 
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115 


85 


3§KdB/ko) 


0.78 


0.71 
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0.48 
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1680 


1680 




-65 


-43 


-75 


-136 



[0 0 6 2] « \&£Tf2lC7ikZtl1tS%n\ZM'tZ& : 

- y v^sity v^o^ffli^y^-caisESixSc 

- «HH:«1575nin{C*Jtt5»»«:l525ninlC*5Jt5»» 

[0 0 6 3] 7r-f'<»iS*«fe 
«l«^Mf7 7>f/<lt Wttttfe (V A D) , ft 
ftVtm (OVD) fe5V^l«EiEffc^2K»a:a (MCV 

d) Kmmtfy%y r 4 '<mik%m\z£^xftf&£ 

n#5o *2(C*5lt5 7T^^±OVDffitCj:oXf^dc 
S*lfc 0 OVDflsH*H»WfB4 4 8 6 2 1 2^ ^4 
I 2 5 3 8 8f, ^5 0 6 7 9 7 5^ ££4 3 1 4 8 3 
&£Vm4 7 1 5 6 7 9^<0j:5fc#ROtirtf4* 

[0 0 6 4] 7 7>f^I.D. 7873-01 *5<fctf7873-02teT 



H£ 5 ^Tii:S62. 5um<D? U-r y K • -O^y^* 
OOVDS (^yKWHW7^6fS:a:«[S«L 

5) >4^n/lo t 5 -^ • =T»rittt36S*%Ce02S: K 

(deposition and redraw process) 2) 5 s£f\>Rlll$f 
*?jg4 4 8 6 2 1 2**5J:t/!B5 0 6 7 9 7 5 *KI£« 
£ftT^<5 c wCOffB7mm<O'5r-^HSi02"C2}-^<-^ 
7 * K£jft-C8Omm0>*- LTIKLtK^ 

tifc, » ico 7* k • *->#mxfm 2 oosi 

02*- VMX*-^-? 7 y K£ftT@:^58mni<0*- h 
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[0 0 6 5] JiSiftHl*. \07um^hHQum^X^iit^ 

h-^^-C, 7r-f/<I.D. 7873-01 (80 
MfflO.D.) 3. lkn*J:t;77^^I.O. 7873-02 (107 pm 
O.D.) 3.3km^3g(#**t*»oiH^Slxfc. 

[006 6] 77^^1.0. 7939-01 l^b-0l6^TJi^ 
-C0^<-^ 7 y Klftfeff 5 O V D&UUCoTSSia 

IS i Id, 37 • yy y*-J>sft, Wrfr* - ^fy^« 
^>'xy^X^fcJ;UtSi(2+^Jt j 540fifi%(DCe(2 

@ (0.15co = 7/*7 y KJt££*f 5fc«>(C) ££#74 

Six, ^ur^jtif*$nr^7minco=iT • ^-y^r/jr 

r77^^i4Sii5fc^ft»^7^»tfi4Sh 

[00 6 7] $31% (*5jztf3-7^40 laoTS 
3tttC* 7939-01 1*3 J: UH)16CDfc#> 

ftT50.D. 4rfl-r52km<O«:S<0 7 7-<^ W7^) 
*t£tl1t. Z(D2km(D&£<D7 7 << '«r)W&M&%'7i 
{C*St+S»»^aiS**l. ll0/im(D@:S-CH-17ps/nm-k 
m#, LT85 v mOgf:ITIi-45ps/nm-km<Dffi##fbH 

7^'<tf#3|££*lfco 7939-011(30. 7km); -01 2 (7km); 
-013(15. 9km); -014(12. 7km); -015(6. 7km); *5«fctf-0 
16(11. 6km) Itl 6 $0 7 7 ^iOfflt i!f tl/htilH 

[0 0 6 8] 7 7 ^/<I.D. 7-8015-01 03^^-cO^- 



iC % ^7 • 7J 7^-/x/^Si024>-C40i[JSi%cOgtgGeQJ 
B««r*fU d»oSi(B*"C8fift%Ce(K<oaaiifitt«:W 

74mm<0^-hiES4-WLr\/^ 8 rc0^7 - 7U7t- 

tfft*<0«X J: o T Jft* S *i*»o 3 > y y 
h£*U ^LTP?IS#$tlT^@^7mm(037 • ^T-> 
£/££;h,fco wCD37 • 4r->i*82oHnO^-MI[Si:4 
3 x b {csice-c^-/<-^ y y KS*xfc B r^g^y 
y 7t-A#lll**^o3yy-j7 f - h Stir, »3I 

[0 0 6 9] 77-f^I.D. 7-8015-01 — 0l3<Dg£(26. 
4kra(-01), llkmHM), *5 <fc T/22km(-02) T&o/c e Ztl 

[00 7 0] *-H*:#-r5 7 7>r^»fH«S*0 7 7 

y*<t«945^7y K#flJv>?>ti6 8 
[0 0 7 1 ] :nf)^77^^M^7 7 ^^'t7 
7^^'77h- v-^zl7EIA/T1A-455-168(C 

:tio«il »»M«7 7^^2o^«asic«* 

[0 0 7 2] '>^7Af! 1 
40^-t>^/^AMfcl*77j- • 7* hT'^fftM^T^ 

[^3] 
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.8*3 /ch. K *(dBn) 

1 4.4 0 

2 4.4 0 

3 5.9 -5 . OdBra 



4 


4.4 


0 


fXHto. 


55.25 

MegaHzr C9CS0 


325.25 
MegaHz 


1 


61 


62 


2 


48.2 


37.8 


3 


59.6 


53.3 


4 


59.8 


60.3 



[0 0 7 3 J 3c3:fc«fctf(g9~l 2 (I^^tlTV *5 X 0 

\z. s -m<»\t&TXh\c&^xmzmtm, swat** 

yT^/^X (CNR) , jg£2& (CSO) *5j:tf»&3fc 
t'-h (aB) jg^^S55. 25*5 £1*325. 25/ tf^/WX-M 

[0074]S3l:^t^i©f7h Cr*h#i) 

««-COdB4:3l5W- 3 <t ^ lc^3t«SS^g|® $ix 

nmV&mt£tlfz7 7 J '< (^*h#2) *5<fcU^>fftfcfi 

*h#3) JdJ:$eai^'r^ h# l^lSStitttSti 

[0 0 7 5] ^30f^h#2 (0 10 #$) -Cli, 40 
^n/t-h/K^S^^S^-^-K- 77^f^ (Corn 
ing SMF-28, Corning Incorporated, Corning, N. Y. 14 
83!) *S»RStl. -tLTS»*-C0dB/<l7-- 

tit ^f-'ft-^77^f/^lft^ffiS^ 



55.25HeeaHz-C 


325.25 




MegaHz 


54. 1 


53.6 


52.5 


50.1 


49.4* 


48.5* 


51. 7 


51.9 



55.25 


325.25 


MegaHz-pOCTB 


MegaHz 


75.2 


73.8 


71.9 


59.5 


68.8 


69.2 


73.9 


72.9 



12. 8dB, -t LT325. 25 / if^/Uy "C24. 25dB^^r. 

it«W*#*«ffC*)f9, 50dB£9*^*-*yT*jV 
Xit v -60dB£ 0 fl^C S O W</K *5<fctf-65dB£ 9 

»J£U4v^*TC SO ^/w£#{fc$i*:fc c 
[0 0 7 6 I ScScOt 1 * h# 3 (0 11) "Cli, ll.6^r 

a / - h /U<B#|ftffi« 7 7 ^f/< (±a! Lfc y 7 4 '<L D. 
7939-016) &CSO&^*ffiJE^ZtzMC"r*V~2 

IE£;ftfc 0 55. l2.8dBc0ttJto^<Ol 
1.4dB^MlE^Hflc 325.25^^/V^-CH, 24. 2dB<£> 
f+^J-M^<Ol5. 5dB^fflE$tL, 8. 7dB3jSffijE$ixftV^* 

[0 0 7 7 ] r60*|jjE^^±-C^^ofctV> 9*^(1*11 
K^-f^SS^iElX ftfritcfrs *>6tMii310nin 

[0 0 7 8] -»»««77^'<.wJ:5l310nniftjgft7r 
^'<<D£i||£#f8:v'7 r h (DS) 7 7 >r^a^t 

2#f&) tils ±T607 7-f^ < ^l550nmiC4Slt^ti^^ 
aaft^nAci^K^^ h^r^^ (Corning SMF-DS) <T> 
40*o>-h/UTH&£ft£:o l550nmT»)tt^*1««£ 
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[0 0 7 9] r/l^TS^SftSJ:?!^ h7 

& > 7 h 7 r 4 ' 5 S^fioo. 2dB t ^ o M^tiSo® 
HrtTfcofctf, 325.25* jr/^/i^fcv^tfiJ: 
ra»»-Ctiu *<Z)SDOI^»ft->7 h77>f<£a 

£®£<7>7dB<!: V> ? M^(I^rt(C*6iE$tt^o 325. 25* 
iC:fcV S X S DO M^^^tdlfiiE £ ft*: frtf-C 

7^^(0^tftt<D^[(D^ y^mR^X^ZhOt 
[0 0 8 0] CO^lC^ ro^IEj^^-c/^ofc 

[008 1] rcottflLfrifctt. «9oi-*-K-77 
/<S:-t4x^*>^t>»»">7 V774 '<XhZ>frv>*: 
0\ZW)ftitX. l320nm<5iHy V * «rffl I550nm<7> AM 

(gyr^^M-^e- K • 7 7^^ii:fc»^ 

[008 2] AM2 

C roWffli ^ftfc#ttf*« 7 r << '<Wt 3*o)7 7 4'< 

1.0. Nos. 7-8015-01 03 (^IlT39. 4kra) 

^cOTfe^ , ^HHl550nm(C^t^T-65. 5ps/nm-km60# 

1E<DM&&*)%)4&<D±Z ZXbZo :o»IS)M[7 7 
<4 t^iDTs^V hA'tt&tfHl 3l:/T$Htl/^ 0 1550nm 
Kfc 5 S£f*0. 48dB/kmt*^ o *: 0 r <7)#f&MfS 7 7 
-<'<s0#«#iai 6lC&g:£<DBH£-C:/n * h£*VCV* 

So 

[0 0 8 3] l3i0nmeiii^»LTSa(t*n^«*<om 
K • 7 7^^o»»«:MiE-r^fc«)tc:fi, 39km<a 
»MIB77>f/W«i £*u rH(cj:oXi9dB<Di@ 

»IM£#'j£i;fC; 1310nnH5iS> >'^*5J:U c »»ffi«77 

[0 0 8 41 »*»«rt*»-ca«i»4ttifeT*>5d» 

. i"<Mc£<*x<D*#mzixz, mmzixx^zmm 



v 7 * y > * wansaa^fiBsn, 

77^f '<CD« 9 <033kmli <£>£<f $&{CgIg S ft 

fc« i2tl3*8ffi£*5tt*OFA# lit. tfttfj'<7-ft£UdB 
^y-^^-iQ*MS§^r L"Cffll^e>nS980nmffl*Ifil*> 

(backward-pumped) m^Xh^tz 0 &$U310n 
raftilfl:*— K • 77*'* • 'J >4M*fi£#l50km*? 
£>9 , 1550nm{C^5V^T^2500ps/kra(DJi^ K • • x. 

fc-«fctf33dB<0««»*«H¥ofc o of as 2 

\$980nnil$jjfatf>¥>y (forward-pumped) <D25dBf1j 
»W«8-C*»). -tO»JCl.2nra«ftt3t7w^^eil 
f£ftfc 0 OFA# 3fi+13dBm<0&frffi;^7-£*f U 
3 ldB<0*]#4r4i" 5 2 oO980nm^fS] * y f V 
S-Cfe^, Z<omz$nmm&±7 4tl'9&mi$fttz.* 

«fc»t5»Wi«7 7* '<# 2 ooir * a 

£ft % ^tt|C«fco-COFA# 30>A*«3tt5/<!7- • 

u^/u£Jf*£Hi:5J;3fc4Sftfc 0 rftboOF Ali 

[0 08 5] 0. 5nmGD*^ h/nffi (-20dBmT*ifl!]£ L 
X) fcWr^^-^IsIWft^DFBU-if-^^-K 

^bKttOlO Obit/s NRZ (^if olffl &]&XmW)£ 
ftit* 2 3 -l^¥7>n«^ 

[0 0 8 6] U-1f-Mta»Jt»4ft8#l-e*ofca )t 

ta«8«:R»tP>tifcoF a# 2r»**nt^fc. ^rac 

*8«SttBER (try h u-h) x^h^ 

fcftfcWv^bftfc. *S««^iEr*«*ttlE 12 BERT- 
30dBnfCfoo£: 0 
[008 7] Ml 7«OFAs*3j:U5»»1««7 7-<^ 

^»$r^LT^^6c 150km<D^^77-f ^fe'MfJlSiX 
(9ps/nn?) ^f-^^±I^M^T, ffi 

[0 0 8 8] ^^(O1310nm®igjk7 7^ /< ^0.02()km^: 

(218 (a) IC^Sft-CV*** M«SrfP*?ftlfn310nm» 

• stf-^&fB 1 8 (b) tdTF^tlT^^o 1310nmfi 
Mit7 7 4 ^<0 150km T'y ^^ftfefflfS^ 7 7 >f /<C039. 4km 

^auxeai*ixfc«t-*5^6T>r • \ 8 

(c) #»M«fc#;b*^»£<&T-f 

W7 7^'«oi2km*rit*ai:x-c»iwi(f 
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U 7 LtzltmtR®*:ffiJ£<o®mz.® 
R1"tirt\ 01 5 COB E 7l-^$*iTi^6 J: ^ 

VXTVXDQitfflisty- • ^"JVU^-f (power penalty) 

[ 0 0 8 9 J niOnragiSfb^ 7 -Y '<£^*V# 

h • w-h^ffl#**<Wjq*ix*tf>-e, Story 

[ill **WOlt««i3J:t«>»M«77-f^«r»« 
[0 2] ^W^$a8Sfei:o ; »»«if6^7^^^A(S 
[0 3] **W«it*B»*5J:tf»»*«7 7>r^*:*{B 
[0 4] *%m<D^f£&&Tfi#mffimy7<<'<&&ffl 
[B5] *«W!CJ:S»lfc««7T-Y^I»IHi:»i'*a 

[16] *^(a^»»}il77Y^ltlC»ta® 

[07] #:»H^J:5»lft»«7r>f^K«-»-»+aB 
[0 8] **W(cj:5»fctt«7 7>r^RH-*c»1-«H 
[0 8 A] **WicJ:6»IR««7 7'f-'<RK-K:»"r* 
[09] ->*xi*3l#l0ij 1 i£fflv^e>ix<5 4o<7)v*7 L A 

[0 10] '>^7 t ^ll*£«i(-fflv^C>H6 4o<0V^7 1 
$ 3 irfctf St*-* lc*t£ Lti^o 

[011] v/^7 L ^SJ£«U-fflV^5>ix5 4OC0>'^7 L 

[012] ~>XTJ*m&wi i:fflv^n44o^>^7 



[0 1 3] •>^^A3ttfi««2-?fflV^f>*t6»»illiK77 
[014] v-^7 1 A9l!S^2t l fflV>ibKS«>^7 i Ag^ 

[0 15] i/^f^lS«2'/)8^^3' h • 3:7- - 
k-hr^ hfe«0^77t } fc^ 5 

[016] «>^7 i ^^0y2-Cffl^^n5^K^ffi^7 

[0i 7i v/^^^^tsw2^KM«$n^eijiy v 

[018] (a) n«*ft:£Jxfc* (c) i*#©:}S«t£ 
-t IT (b) tt»»«««:ff*>ftv^*<0->^ 

7-^*i£«2^eiiy v*t-*3>tssm« rr^j ( ey 

1 Jt* 

2 eaiyv* 

3 *7 7-<^*t*BS (OFA) 

4 »«I«77>f/< 

5 &*fl3§ 

6 #«7-<Vl'* 
i 1 l310nm3taS 

1 1 a 1550nm)ta® 

12 mmV>* 

1 6 WDM^/7'7 

1 7 l/f-^ 

18 WDM*77 

1 9 WDM^^ 

2 1 I550nmftfl£ 

2 2 £ii77^^ 

2 3 OFA 

2 4 »WH«77Y'< 

2 5 OFA 

2 6 )t«f«7-r^ 

2 7 fcftgg 

2 8 3t« 

2 9 »7;^< 

3 0 OFA 

3 1 Bmyr^^< . 

3 2 OFA 

3 3 **S7>f (B P F) 

3 4 »Wi7 7^< 

3 5 ftftSS 
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[09] 
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H> 0- 
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mmw-6-i i62o 



I o] 



40 km 

♦ 12SdBm SMF28 



OdBm 



1 1] 



4l2.5d8m 



40 km 
SMF28 



-4.5dBnj 
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♦ 12.5dBm 
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-0- 



[mi 3 j 
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00 
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(72)»ffl# 7U> 
48 



(72)$£^# xK!7-K 77>y^ -7-7 -< 

TP« U*^*B=-ix-3-^ffll4870, ^ 
Ty K f-fW<-W> 21 

(72)3£$# 

7^ 'J #£*S-a.-3-^Ml4870, ^ 
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